In this paper, numerical technique for solving the one-dimensional (1D) unsteady, incompressible 
Introduction
The NSEs are one of the most important, beautiful, potentially lucrative governing equations in fluid dynamics which describe the motion of fluid substances. These equations arise from applying Newton's second law to fluid motion. Solutions and smoothness of full NSEs remain one of the open millennium dollar challenge in Mathematical Physics. Renowned Physicist and Mathematician like Stephen Montogomery-Smith,a mathematician at the University of Missouri in Columbia, who has been tackling the equation since 1995 and Otelbaev-a member of the Kazakh Academy of Sciences who has been working on the problem for 30 years. In order to understand the non-linear phenomenon of NSE, one needs to study 1D NSE as a simplification of full NSEs. Since 1D NSE includes pressure-gradient term, advection and diffusion terms, it incorporates all main mathematical features of the full NSEs. It is thus an important governing equation in the research arena of computational fluid dynamics. Applying OST we have reduced 1D NSE to viscous Burgers' equation and we have to solve viscous Burgers' equation numerically. So a number of analytical and numerical studies on 1D NSE as well as 1D viscous Burgers' equation have been conducted to solve the governing equation analytically and numerically. Rusli et al. [1] solved 2D NSEs numerically using a finite difference based method which essentially took advantage of the best features of two well-established numerical formulations. Azad and Andallah [2] presented analytical solution of one dimensional Navier-Stokes Equations for a time dependent exponentially decreasing pressure gradient term using Orlowski and Sobczyk transformation and Cole-Hopf transformation. Azad andAndallah [3] studied on numerical solutions of onedimensional Navier-Stokes equation using explicit finite difference scheme. Young and McDonough [4] presented exact solutions of onedimensional Burgers' equation which is analogous to one-dimensional Navier-Stokes equation. Orlowski and Sobczyk [5] discovered a transformation by which one can transform 1D NSE to 1D Burgers' equation. The explicit exponential finite difference method has originally developed by Bhattacharya [6] for the solution of heat equation. Bhattacharya [7] used explicit exponential finite difference method for the solution of Burgers' equation. Bahadir [8] solved the KdV equation by using the exponential finite difference technique. Implicit exponential finite difference method and fully implicit exponential finite difference method was applied to Burgers' equation by Inan and Bahadir [9] . Kutlay and Bahadir [10] also proposed finite difference solution of the finite difference approximations based on the standard explicit method to the one-dimensional Burgers' equation.
In this paper, we study Expo FDS to get the numerical solutions of reduced 1D NSE. We solve the governing equation numerically with the help of solutions of reduced 1D NSE and applying back substitution from OST. We find error norms to determine the accuracy of the numerical scheme. Finally, we will compare our numerical solutions with other available results to verify the effectiveness of our numerical techniques.
Governing Equation
Using the dimensionless variable quantities as mentioned in Rusli et al. [ [5] . Then solving Burgers' equation analytically we obtain analytical solution of 1D NSE by using inverse OST.
The OST is defined as , ,
Now

Problem 1
We solve reduced 1D NSE and the initial condition Where are spatial and time step sizes respectively.
As a result Expo FDS takes the form By using OST we obtain numerical solution by using Expo FDS and OST as
If we take then Expo FDS yields
Numerical Results and Discussions
In order to show how good the numerical solutions for problem 1exhibit the correct physical characteristic we only give the graphs in figures 1-5 which show the numerical solutions at different times for Re =10 taking It is clearly seen that the numerical solutions obtained by Expo FDS and analytical solutions are well-suited. From graphical representation we observe that it is almost impossible to distinguish due to the closeness of our numerical solutions to analytical solutions. Table 2 and 3 demonstrate that the obtained solutions by our present numerical techniques (using Expo FDS and OST) achieve suitable accuracy with analytical solutions and numerical results obtained based on other methods like RHC implemented by GülsuandÖziş [11] , RPA by Gülsu [12] , I-EFD Mand FI-EFDM implemented by InanandBahadir [13] and OST. Table 4 and 5 display numerical solutions implemented by Expo FDS to problem 2. It is clearly observed that both numerical predictions are reasonably in good agreement with analytical solutions. In order to show how the numerical solutions of problem 2 obtained with Expo FDS, we give the graph in figure 6 . 
Error Estimation for Numerical Technique
The accuracy of the scheme is measured in terms of the error norm defined by Where and represent exact and computed solutions respectively. From figure 7 it is observed that at 0. After computing relative errors we observe from figure 7 that our relative errors are quite acceptable and decreasing with respect to the smaller discretization parameters which show the convergence of the exponential explicit finite difference scheme. So, our explicit exponential finite difference scheme is consistent as well as stable.
Srivastava et al. [14] defined the rate of convergence of the scheme, computed using Where and are the errors with the grid size h and respectively, is also shown in table 6 for Expo FDS. From table 6, we observe that the Expo FDS used to evaluate numerical solutions for 1D NSE is second order accurate in space. From this table it can be seen that errors approach to zero as the mesh refines, which shows that the scheme is consistent.
Conclusions
In this paper, we have presented numerical solutions of 1D NSE with pressure gradient by using explicit exponential finite difference scheme for the reduced 1D NSE and Inverse OST. All the numerical results obtained by our method show reasonably good agreement with our analytical solutions and numerical solutions obtained based on CNS,E-EFDM, I-EFDM, FI-EFDM, RHC, and RPA. The numerical technique exhibits higher accuracy than RHC, RPA with which those are compared with the analytical solutions. Expo FDS is convergent and second order accurate in space. Therefore, it is concluded that the Expo FDS can be used to produce reasonably accurate numerical solutions of the governing equation at small times. The method is presented as an alternative method for solving a wide range of engineering problem.
